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Robotic Vehicle Power System Design



•Historically, power systems were selected to 
demonstrate vehicle capabilities.

•Future vehicle design must support mission 
operational profiles. This requires:

– Knowledge of vehicle power/energy requirements
vs. mission terrain.

– Knowledge of power/energy capabilities of 
potential vehicle power systems.

⇒ Mapping power system capabilities to vehicle 
mission requirements so the optimal system can be 
selected.

Robotic Vehicle Power Systems 
Must Support Mission Profiles



Some of Sandia’s robotic vehicles
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Vehicle Power/Energy Requirements:
Test on Hilly Course
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Observations on Vehicle Power/Energy 
Requirements:

Vehicle operating conditions are challenging:
• Drive motor requirements dominate power

specifications, requiring up to 10A under high 
load conditions.

• Drive current is quite dynamic, varying with 
terrain (hills and valleys) and even on level 
ground.

• The demand for smaller vehicles and longer 
missions puts a premium on high energy density
storage.

Both power and energy considerations are crucial!



Dis tribution of Drive  Motor Power 
Requirements While Driving
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Vehicle Power/Energy Requirements         
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140 Wh of 
energy tota l.

99% of time spent a t a  few 
milliwa tts of power. 

Sensors  and 
communications
requirement.

Grea tes t power req't is  for drive motors . 
(70W a ve rage depending on speed.)

Miss ion: 1 hour driving, 
4 months monitoring.

Ove r 4 orders of magnitude of 
powe r re s pons e  ne e ded!

S ta ll power 
(266W)



Ragone plots display energy density as 
a function of power density

Ragone Plot
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Ragone plot used with a technology 
having separate generation and storage

Fuel Cell Ragone Plo t
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Storage weighs  s ame 
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H-Power 50W 
PowerPEM-VC Fuel 
Cell



Operational Ragone plot 
for chosen design point

Fuel Cell Ragone Plo t
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Ragone plot for 
operation of unit with 
chosen des ign point.

Chosen des ign point

H-Power 100W 
RATLER™ Fuel Cell

Stack and equipment 
we ighs 32 times  s torage .

Storage  we ighs 13 
times  s tack and 
equipment



Battery chemistries differ 
in their power capabilities

Lithium Primary Ce ll Ragone Plots
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Micro-combustion systems show great 
promise for high energy density

Combus tion Sys tems
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Leading Vehic le  Power Sys tem Options
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Leading  Vehic le Power Sys tem Options
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